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IMPROVED TRANSCUTANEOUS POWER AND DATA 
TRANSCEIVER SYSTEM 

Held of Invention 

The present invention relates to a device and/or a system which is capable of 
5 transmitting and/or receiving power and date through the skin or epidermal layer of a 
patient to an implanted medical device within the body of the patient 
Background 

Many advances in medical technology require the use of implantable medical 
devices to aid, assist or supplement tile normal bodily function of a patient 
10 implantable medical devices can be distinguished into two major categories. 

These categories are: active devices, which are devices that actively assist the 
patient's body and passive devices, which passively assist the patient Active devices 
typically require a power source or supply, whilst passive devices typically do not 
requira such a power or supply source. 
1 5 Ah example of an active medical device fe an implantable blood pump which 

actively pumps blood throughout a patient's circulatory system. For an implantable 
blood pump to function the blood pump needs a suitable power supply* It also 
generally may also require a controller supply and receiver data, power and 
instructions to the implanted portion of die pump. 
20 In the post a percutaneous lead has been used to convey instructions, and 

oilier electrical signals, data and power to and from an implantable device. Topically, 
such a lead would require perforation of the patient's skin layer so as to al low the lead 
to pass through (be skin. These leads usually incorporate features in which the lead 
may to some extent bond or integrate internally with the patient's body. There are 
25 many disadvantages with this type of system. One of the largest of these 
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disadvantages is that it creates a site on the patient's skin which is open to infection 
for Jong periods of time. 

As a result, there has been a long felt need for an improved arrangement that 
comrt^ys power, data and/or other electrical signals to and fiom an implantable 
5 medical device through the skin layer of a patient It is an object of the present 
invention to address or ameliorate at least one of the above disadvantages. 
Brief description of the invention 

Accordingly, in one broad form of the invention there is provided a device for 
transmission of an electro-magnetic signal to an active implanted medical device 
10 across a skin layer of a patient; said device including: a core positioned so as to 
cooperate with a first electrically conductive dement and a second electrically 
conductive element so as to permit the transmission of an electro-magnetic signal by 
transcutaneous ©Iectio-msgnetic coupling between said first element said core and 
said second ©lemenL, and wherein said first alsclricalJy conductive element, when in 
15 use, ia positioned externally to said patient; and said second aleclrically conductive 
clement, when in use, is positioned internally within said patient 

Preferably said fust clement can fatt*H?mit or receive an clcctro*-magnctic 

signal 

Preferably said second element can transmit or receive an electro-magnetic 

20 signal 

Preferably said electric signal including data information and/or power. 
Preferably said core including a plurality of portions. 
Preferably said transmission is fiom direct current to direct current 
Preferably said first element comprises at least a length of wire. 
25 Preferably said second element comprises at least a length of wire* 

2nd f*»n - I-6-20C& 
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Preferabty said wire form s a coil around at 1 east one portion* 
Preferably said wire includes polyurethane coated copper litz wire. 
Preferably said first element in a generally ring shaped configuration. 
Preferably said second element is coiled around the cote. 
5 Preferably said at least one portion of said com pierces the akin layer of 

patient 

Preferably no portion of said core pierces the skin layer of patient 
Preferably said core forms a generally continuous loop. 
Preferably said core forms a continuous shape generally in rectangular or 
10 square configuration. 

Preferably said core generates a relatively small amount of amount magnetic 
flux leakage. 

Preferably said device has a transmission! efficiency in the range of 70% to 

90%. 

15 • Preferably asrid dsrsicc is connected to st least oiac controller and/or rectifier. 

Preferably a portion of the device external to the patient's body is encased in a 
socket arrangement 

Pttsferabfry said device cooperates with a Wood pump. 
Preferably said blood pump is a centrifugal type pump- 
20 Preferably said pomp includes an impeller. 

Preferably said impeller is hydrodynamically suspended 
Preferably the first element is positioned and secured in place by position 

linthe 



25 Preferably the first element is secured in place by at least one clip. 



2nd Daft- I-B-2O03 
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Preferably said device is adapted for relatively long term use. 
Preferably said long term use is of a period greater than 1 week, 
Preferably said device is implanted in skin layer near, adjacent , about or 
proximal to a site on the abdomen of a patient 
5 In a ftuthcr broad form of the invention there is provided a system fbr 

transmission of aft electro-magnetic signal to an active implanted medical device 
across a skin layer of a patient; said device including: a core positioned so as to 
cooperate with a first electrically conductive element and a second electrically 
conductive clement so as to permit the transmission of an electro-magnetic signal by 
10 transcutaneous electro-magnetic couplingbetween said first element, said core and 
said second clement and wherein said first electrically conductive element, when in 
use, is positioned externally to said patient; and said second electrically conductive 
element, when in use* is positioned internally within said patient 

Ftesfembly said first stemsnt can transmit or receive an alscLm-magneSic 

15 signal. 

Preferably said second element can transmit or receive an electro-magnetic 

signal. 

Preferably said electro-magnetic signal including data information and/or 

power. 

20 Preferably said core includes a plurality of portions. 

Preferably said transmission is from direct cur rent to direct current 

Preferably said first clement comprises at least a length of wire. 

Preferably said second element comprises at 1 east a length of wire. 

Preferably said wire forms a coil around at least one portion, 
25 Preferably said wire includes polyurethane coated copper lite wire. 

2nd Daft. 1-8-2003 
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PteferaMy said first clement in o generally ring shaped configuration. 

Preferably said second element is coiled around th e com. 

Preferably said at least one portion of said core pierces the skfn layer of 

patient. 

5 Preferably said no portion of said core pieroes the skin layer of patient 

Preferably said core forms a generally continuous loop. 
Preferably said core forms a continuous shape generally in rectangular or 
square configuration. 

Preferably said generates a relatively small amount of amount magnetic flux 



10 

Preferably the transmission efficiency of the device is in the range of 70% to 

90%. 

Preferably said device is connected to at least one controller and/or rectifier. 
Preferably a portion of the device eternal to the pleat's body is ©acaasd in a 
15 socks! arrangement 

Preferably said device cooperates with a blood pump. 
Preferably said blood pump is a centrifugal type pump. 
Preferably said pump includes an impeller. 
Preferably said impeller is bydrodynamfcaUy suspended. 
20 Preferably the first element is positioned and secured in place by position 

magnets which cooperate with opposed positioning magnets implanted within the 
patient's skin layer. 

Preferably the first element is secured in place by at least one clip. 
Pfcqferaibly said device is adapted for relatively long teem use 
25 Preferably said long Usrm u$e i$ of a period greater than 1 week. 
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Preferably said device is implanted in skin layer near, adjacent, about or 
proximal to a site cm the abdomen of a patient 

In yet a further broad form of the invention there is provided a method for 
transmission of an electro-magnetic signal to an active implanted medical device 
5 across the skin layer of a patient including: a core positioned so as to cooperate with a 
first electrically conductive element and a second electrically conductive element to 
facilitate the transmission of an electro-magnetic signal by electro-magnetic coupling, 
when in use, and wherein said first electrically conductive clement, when in use, is 
positioned externally to said patient; and second electrically conductive element, 
10 when in use, is positioned internally to said patient 

Preferably said first element can transmit or receive an electric signal 
Preferably said second dement can transmit or receive an electric signal. 
Preferably said electric signal includes date information and/or power. 
Breferably said core includes a plurality of portions, 
IS Preferably said tzsnsmission is from direct current to direct current. 

Preferably said first element comprises at least a length of wire. 
Preferably said, second element comprises at least a length of wire. 
Preferably said wire forms a coil around at least one portion. 
Preferably said wire includes polyurethanc coated copper litz wire 
20 Preferably said first element in a generally ™g shaped configuration. 

Preferably said second clement is coiled around the ccra. 
Preferably said at least one portion of said core pierces the skin layer of 

.patient. 

Preferably no portion of said core pierces the skin layer of patient, 
25 Preferably said core forms a generally continuous loop. 

SodDwA- 1-1200) 
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PrefSsrably said core forma a continuous shape generally hi rectangular or 
square configuration. 

Preferably said core generates a relatively small amount of amount magnetic 
flux leakage. 

5 Preferably the transmission efficiency of the device is in the range of 70% to 

90%, 

Preferably said device is connected to at least one controller and/or rectifier. 
Preferably a portion of the device external to the patient's body is encased in a 
socket arra n gem ent. 
10 Preferably said device cooperates with a blood pump. 

Preferably said blood pump is a centrifugal type pump. 
Preferably said pump includes an impeller 
•is! 



Preferably the first clement is positioned and secured in place by position 
IS magnets which coojssrate with opposed positioning magnets implanted within the 



Preferably the first element is secured in place by at least one clip. 
Preferably said device is adapted for relatively long term use. 
Preferably said long term use is of a period greater than! week. 
20 Preferably said device is implanted in skin layer near, adjacent, about or 

proximal to a site on the abdomen of a patient 

Preferably said core forma a flux loop and said core is farmed of at least one 
magnetic portion. 

Preferably said skin layer is a closed skin layer. 
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ftcfci^Iy said ootc fenns a flux 
magnetic portion. 

Preferably said skin layer is a closed skin layer. 

In yet aftrthcr broad form of the invention there is provided a method for 
5 implanting a device; wherein said device is capable transmission of an electro- 
magnetic signal to an active implanted medical device across the skin layer of a 
patient and comprises a core positioned so as to cooperate with a first electrically 
conductive element and a second electrically conductive element to facilitate flic 
transmission of an dectro-magnctic signal by electro-magnetic coupling, when in use, 
10 and wherein said first electrically conductive clement, when in use, is positioned 

externally to said patient; and second dcctrically conductive clement, when in use, is 
positioned internally to said patient; and wherein said method includes: 
0 making a incision in a skin layer of a patient; 
n) inserting said core partially too said incision; and 
IS iif) closing said incision; 

Preferably said incision is closed by stitching. 

In yet a fiirther broad form of the invention (here is provided a method for 
implanting a device; wherein said device is capable of transmission of an electro- 
magnetic signal to an active implanted mcdipkl device across a skin layer of a patient 

20 and comprises a cafe positioned so as to cooperate with a first electrically conductive 
element and a second electrically conductive element to fecilitatc the transmission of 
an electro-magnetic signal by electromagnetic coupling, when in use, and wherein 
said first electrically conductive element, when in use is positioned externally to said 
patient and said second electrically conductive element, when in use, is positioned 

25 internally to said patient and wherein said method includes: 

2nd Daft -Mt-2003 
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0 



making a series of incisions in a skm layer of said patient; 



fi ) inserting said core partially into said incision 

iff) covering and sealing said core with a skin layer; and 

iv) closing and sealing said incision. 

Preferably closing and sealing i$ achieved by stitching. 

In yet a further broad form of the invention there is provided a device for 
transmission of an electro-magnetic signal to an active implanted medical device 
across a skin layer of a patient including: a core positioned so as to cooperate with a 
first electrically conductive element and a second electrically conductive element to 
facilitate the transmission of an electro-magnetic signal by transcutaneous electo- 
magnetic coupling, in use, and wherein said first electrically conductive element, 
when in use, is positioned externally to said patient; and second electrically 
conductive dement, when in use, is positioned internally to said patient and wherein 
said device includes a scries of interlocking rings. 

Inferably said devios is implanted in skin layer near, adjacent, about or 
proximal to a site on the carlobe of a patient 



Embodiments of the present invention will now be described with reference to 
20 the accompanying drawings wherein: 

Figure 1 is a cross sectional view of a first preferred embodiment of the present 



Figqie 2 is a cross sectional view of a further preferred embodiment of the present 
invention j 



2odX>i*A » 1-4-2003 
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invention; 
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Figure 3 is a cross sections] view of a fiirfher preferred embodiment of the present 
invention; 

Figure 4 is a schematic layout of an embodiment; 

Figure 5 is top view of a site for implantation of a further embodiment occurring on a 
5 patient; 

Figure 6 is top view of a site for implantation of a fiirfher embodiment occurring on a 
patient; 

Figure 7 is cross sectional view of part of a farther embodiment; 
Figure 8 is an isometric view of a preferred impeller of part of a further embodiment; 
10 Figure 9 is an isometric view of a further preferred impeller of part of a further 
embodiment; 

Figure 10 is a cross sectional view of a patient showing partial implantation of an 
embodiment; 

Figure It is a gggjionai view of a fur&sr preferred embodiment of the prescat 
15 invention; 

Figure 12 is a side view of a further preferred embodiment of the present invention; 
Figure 1 3 is a cross sectional view of the embodiment shown in figure 13; 
Figure 14 is a cross sectional view of a further preferred embodiment of the present 
Invention; 

20 Figure 15 is a cross sectional view of a further preferred embodiment of the present 
invention; 

Figure 16 is across sectional view of a fUrther preferred embodiment of the present 
invention; 

Figure 17 is a cross sectional view of a Jforthcc preferred embodiment of the present 
25 invention; and 

2nd Draft- 
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Figure 18 is a cross sectional view of a further preferred embodiment of flic present 
invention; 

Detailed Description of the Preferred Embodiments 

Figure 1 shows a first preferred embodiment of the present invention. A 
5 Transcutaneous Power and/or Data Transceiver System ('TPDTS') 41 is shown. This 
embodiment comprises an electrically conductive core 2 which in mis embodiment is 
in a circular configuration. However it may be noted thai many configurations may be 
used so long as the core aids in the return of magnetic flux. Preferably, this core may 
form, a loop of any shape or configuration. 
10 The electrically conductive core 2 may be partially inserted in the skin layer 1 

of a patient During implantation it is envisaged that this core 2 may extend partially 
from the skin layer at points 6. Where the magnetic core 2 extends past point 6 a layer 
of skin may be wrapped around the core to effectively seal the core from the outside 
environment 144. Please note that ofeermcfeods of scaling are possible. The layer of 
15 stem that seals me core 2 forms barrier 4S. Preferably,, this configuration or a. similar 
arrangement of fee TPDTS may form an air gap 5. The cote 2 may also be shaped into 
a square, circle, oval, rectangle and may still function in the desired or preferred 
trimmer. The covering forming fee barrier 45 may be constructed from die padent's 
skin, wherein the skin is wrapped around fee core and separating the core from fee 
20 outside environment 144 by stitching. After some time the wound at fee point of 
insertion will heal and seal fee coil from the outside environment 44. 

Preferably, coiled around fee core 2 within tbebody of fee patient is an 
internal coil 4 which is in turn corni ected to wires 7. The wires 7 may be connected to 
an internal controller, internal battery and/or an implantable active medical device. 



2nd Dirt- 1-*00<B 
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-Preferably, when in use, a wire 3 is threaded from the outside of me patient 
around the core 2 and the barrier 45 through the air gap 5. This wire 3 may also be 
wrapped once or several times around the conductive core 2 and the barrier 45 to form 
a loose coiL The wire 3 may be then connected to a controller or external power 
5 device. 

When in operation, an electrical signal may be delivered through wire 3. The 
electrical signal in wire 3 generates an electromagnetic force radially from the surface 
of the wire 3. At me point where core 2 cuts the electromagnetic force, signal or 
current generated by wire 3 , a force, signal or current is generated wilhin the core 2. 
10 He core 2 men passes mis force, signal or current to coil 4. An electrical signal is 
men generated in coil 4, which mirrors die original electrical signal transmitted fiom 
wire 3. Coil 4 may then pass the electrical signal to an internal controller, a rectifier, 
an internal battery or other implantable active medical devices. 

The electrical signal may be preferably transmitted and received by either coil 
15 4 or wins 3. Thus preferably, this arrangement may allow two way flow of electrical 
signals from coil 4 to wire 3 or from wire 3 to coil 4. This electrical signal may be 
transmitted and/or received as full duplex or half duplex signal. 

Preferably a Direct Current (DC) rectifier or multiple rectifiers may be added 
to the embodiment shown in figure 1. These rectifiers inay be adiied to r^ 
20 electrical signal received and/ortraniaiuttedby wire3 and/orvrire7. 

Preferably, the core 2 may be constructed of a ferro-magnetic material encased 
in a biocompatible material. Preferably mis material may also be wear resistant and/or 
rigid. Preferably, Titanium Nitride may be used to encase the core 2. Alternatively, 
the core 2 may also be encased in a polymer that possesses the desired qualities. 
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Thc core 2 may also be rigid to support the formation of the gap 5 and may 
also serve to minimise wear by the patient when, in use. However, in some 
circumstances it maybe beneficial to use a core that is flexible. 

The internal coil 4 may also be encased in a biocompatible material to limit 
5 the chance of side reactions with the patient's body. This biomaterial material may be 
teflon, velour or a similar material. 

Also preferably, the surfaces around the air gap 5 may be reinforced to prevent 
breakage of the device or damage to the patient This is especially relevant in cases 
where the device is expected to be implanted for long term use. The reinforcing 
10 material may be placed over the barrier 45 or over the magaetic core 2. This 

reinforcing material may be a polymer, metal (for example thaxuron). Kevlar™ or 
similar material, 

The wire 3 may also be wrapped around the barrier 45 multiple times. This 
mapping of wire 3 may increase the efficiency the magnetic coupling between the 
IS wire 3 and the core 2. 

Preferably apolyurelhane coaled copper lite wire may be used for any 
windings around the core or any portion thereof. The term lite is derived from the 
German word 'Htzendraht' meaning woven wire. Lite who may be generally 
constructed of individual film insulated wires bunched or braided together in a 

20 



tion minimises 

me power losses otherwise encountered in comparable solid conductors or the 
tendency of radio frequency current to be concentrated at the surface of the conductor, 
lite wire may overcome this problem by increasing the surface area of the length of 
wire without significantly increasing the general size of me conductor. 



2nd Draft- 1-S-2O03 
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Thi& embodiment of the present invention may be used with, any active 
implantable medical devices. Examples of these devices include but arc not limited to: 
rotary blood pumps, heart pumps, left ventricle assist device, active implantable 
diagnostic equipment* aural implants, miniaturised pump devices, ocular implants and 
5 other implantable devices. 

Additionally, it should be noted that the distance between wire 3 and core 2 
should be minimised to increase magnetic efficiency. Preferably the efficiency of this 
embodiment may be in the range of 70%^9O% which is a significant improvement 
over more traditional forms of transcutaneous energy transmission systems. 
1 0 Efficiency of the system or device may increase if the core is continuous in structure, 
for example* as illustrated in figure L 

This embodiment may also be able to transmit and/or receive an electrical 
signal across Ac skin, barrier of a patient without the need for at permanent opening in 
the skin of the patfent. Us© signal may prefessbly inciiKfe a pswer transmission smd/or 
15 data information relating to th© control sud regulation of tbe implanted medical device 
for which it is to be attached*. Additionally, the data information may include software 
controller upgrades, data regarding patient health and status of the medical device. 
Preferably, control or regulation data may be transmitted into the body of a patient 
and medical device status data may be transmitted from within the patient to external 
20 devices such as external controllers and/or personal computers. 

A further embodiment is shown in figure 2. This embodiment shows an 
alternate preferred version of a TPDTS 42. In the embodiment of figure 2, an 
electrically conductive core 10 is inserted within a skin layer 11, Jn this preferred 
embodiment, the core is a generally Oshaped device including a small afr gap 13. 

2adBtt8-J*20()S 
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TTie core J 0 of this embodiment is preferably flexible which allows movement 
of the core 10. Where the core 10 extends beyond the point at which the patient's 
normal skin layer would have been without this device, a hairier 28 encases die 
otherwise exposed core 1 0. This bonier is pre fe rably constructed of skin mate rial 
5 taken from the patient and may also be constructed of other alternative materials such 
as biocompatible polymery The barriers of this embodiment may extend to form the 
two protuberances. This hairier may also preferably be flexible and resilient 

As a result of both the barrier and the C-shaped core 10 being preferably 
flexible and resilient, the protuberances are generally flexible and resilient which may 
10 allow the patient, doctor or other user to bend or distort the shape of the protuberances 
which may facilitate the joining of a coupling device around the outer surface of the 
patient's skin which win allow transmission of an electric signal in a simitar fashion 
m wire 3 in the above described embodiment 

Tins coupling device* with regard to the embodiment of figure 2, may in the 
15 foam of ring 12 of elecfiricdlj conductive material md/ox wife. This ring 12 may be 
constructed of wire, iron or a similar conductive material. The ring 1 2 may be 
preferable connected to a DC rectifier which may rectify or translate data information 
and a power supply into an electrical signal thai is transmitfcable and receivable across 
the above described magnetic coupling device. 
20 When in nse, the embodiment shown in figure 2 may receive an electrical 

i signal via the ring 1 2* The signal may include data information as to controlling and 

regulating a medical device for which the TPDTS 42 is to be connected to and/or a 
power supply for said medical device and/or general data relating to the health of 
i patient and/or other miscellaneous data. 

2»d0v«ft-l-&2OQ* 
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When an electric signal is induced in the ring 1 2, which may be positioned 
around one or both of protuberances, en eiectnvmagnetic coupling is formed between 
ring 12 and core 10 which induces an electro-magnetic force (EMF) in coil 9, which is 
wrapped around the core 1 0 in this embodiment The electrical signal is fed from con 
5 9 to the wire 8 and this signal maybe used to regulate an active implantable medical 
device, supply power to an active implantable medical device or provide amendments 
to instructions of a preferred internal controller for the medical device. 

Please note that information, data power and/or other electrical signals may 
also be transmitted i nte rnally from the patient and received externally by ring 12 by 
10 way of an electrical signal. This electrical signal may also be fed to an exLernal 
battery and/or externa) controller,. 

The embodiment featured in figure 2, has Several benefit* over a rigid core 
design in thai it is generally more biocompatible with the patient, easier for the patient 
£o adjust to and may be less likely to cause injury to the patten* if the ring 12 is 
IS accidentally det&ehed fiom the ssrangemcat shown in figure 2. 

With regard to the embodiment shown in figure 2^ the core is shown in a 
general C-shapc configuration which forms an incomplete loop and as a result gap 13 
is fanned. This gap 13 therefore may incorporate an air gap. It is generally 
acknowledged that any air gap within a magnetical ly coupling device may 
20 . substantially limit the effectiveness of any such TPDTS as it may generally increase 
the level of magnetic flux leakage. However, the magnetic flux leakage may be 
substantially lower than comparable transcutaneous energy transmission systems. 
Preferably, this embodiment may also include a latching means to temporarily join the 
two outer free ends of fre protuberances and this may minimise the distance of gap 

2nd find 
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13. Tf the join is temporary flic user may stfll gain the advantage that the ring 1 2 may 
bo easily positioned. 

The temporary joining of the free ends may be accomplished by a fetching 
means. This latching means may preferably bo magnetic with the insertion of small 
5 positioning magnets at opposed ends of the protuberances. However alternate forms 
of latching means arc available and these include bul are not limited to: a small 
mechanical clip or a sticky re-uscable glue- 
As par earlier embodiments, the embodiment of figure 2 may include a com 10 
which is messed to assist in biocompatfbflity and/or coil 9 may shrouded or shielded 
1 0 from the patient's body by a shield or encasement of some form common to the art. 

Preferably the core 10 may be circular in arrangement however other shapes 
and configurations may still achieve the same or similar net result of electro-magnetic 
coupling. The shape of the overall com may be configured so as to allow the return 
flow of magcetic flux around the core and may thereby forma flux loop. This flus 
1 5 loop may overcome small air gaps in the core. 

Please note ihat the preferred embodiment shown in figure 2 also shows a gap 
14 which preferably allows the connection or attachment offhc ring device IX 

A further preferred embodiment of the present invention is shown in figure 3. 
This embodiment 46 shows a first portion 26 which is of a generally squared C- 
20 shaped configuration. This first portion 26 is embedded within the skin layer 1 7 of a 
patient. A second portion is embedded within a female socket arrangement 21. The 
combined effect offhc first and second portions is to facilitate the combined effect of 
an overall com with a magnetic flux loop. In figure 3, the first portion 26 cooperates 
wi th (he second portion 25 to achieve a similar effect as to the core 2 shown in figure 
25 1. 
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Prefembly. portion 26 is embedded beneath the skin layer 1 7. The ends of this 
portion 26 arc covered by a barrier. Preferably litis barrier may the patient's skin 
manipulated around to fit Hie configuration shown in figure 3. The result of the 
implanting of the portion 26 beneath the akin layer 1 7 is to have the patient skin 
5 sealed fiom the outside environment and thereby avoid the probability of infection. 
Additionally, the portion 26 in cooperation with (he barrier Wis two protuberances 
27 which extend away fiom the surface of the patient's skin. 

Preferably, these protuberances in this embodiment may form a male type 
connection designed to mate with a corresponding female connector located on the 
10 surface of socket 21. 

Embedded within the socket arrangement 21 is a second portion 25 which is 
positioned between the outer most ends of portion 26. Around portion 25 is a coil 24. 
This coil 24 is preferably connected to an external rectifier, controller and/or power 
supply by wires 23- 

15 Preferably, portion 25 is positioned m as to coopasse -mill magnetic portion 

* 26 to km a magnetic core which is capable of forming a magnetic flux loop, in use. 
Generally, anelectrical signal is supplied to coil 24 by wires 23- The electrical 
signal in coll 24 induces an electromagnetic force In portion 25 which in turn feeds 
onto an electromagnetic force being generated in portion 26- Coil 1 5 is thereby 
W energised by the electromagnetic flow in portion 26 and supplies the resulting 
electrical signal to other internal devices by way of wires 15. 

The socket 21 shown in figure 3, demonstrates one of the preferred ways of 
mounting an embodiment of the present invention. Additionally, any socket 
arrangement may include a means of securing the socket 21 to the outer surface 6f the 
5 skin layer 17, In this embodiment; positioning magnets 18, 20, 44, & 45 may be used 
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to secure the socket in place. Permanent magnets 1 8 & 44 arc preferably implanted in 
the skin layer of a patient and permanent magnets 20 & 45 are embedded in the socket 
arrangement 2 U This magnetic securing means allows the socket to he easily removed 
and replaced by a user or patient -when it is desirable to do go, 
5 Alternately, the male and female aides of this embodiment may be reversed. 

For example, Che protuberances 27 may extend from the socket into the indentations 
made in the skin layer. 

Preferably, this embodiment transmits and receives data and power bi- 
directionally from inside the patient's body to the outside environment and also from 
10 the outside environment into the patient's body and may operate at full duplex or half 
duplex. This embodiment may also include wires 23, which may be encased and may 
extend away from the socket arrangement 21, in a cover 22. 

Figure 4 shows a diagrammatical representation of a preferred embodiment of 
flxeprcsonl invention wherein the embodiment is in situ, in this figure, a cross section 
1 5 of a patient is mo\WL The external caxvironmenS 39 is separated from the internal body 
82 of the patient by the patient's akin barrier 81. 

In this embodiment, positioned proximal to the skin barrier 8 1 cm (he inside 82 
of the patient is an inner transceiver 33. This inner transceiver 33 cooperates with an 
outer transceiver 39 positioned outside 39 of the patient's body hut proximal to the 
20 skin layer 8 1 transmit and receive an el ectrical signal between them. The inner 

transceiver 33 and outer transceiver 36 are preferably magnetically coupled and may 
exchange power and data. 

The inner transceiver 33 additionally cooperates with a controller 32* which is 
preferably implanted in the patient's body 82. In this embodiment, the internal 
25 controller 32 receives and transmits data and power to a ferthcr medical device 30, 
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which is preferably a blood pump. Preferably the internal controller 32 includes a DC 
rectifier device, which may rectify the electrical signal received by the itmer 
transceiver 33. Additionally this DC rectifier device may function to encode or decode 
an electric signal and send it to the inner transceiver for transmission to the external 
S environment 39. 

lie inner controller 32 may also send and receive power to internal backup 
battery 31. This internal battery 31 is preferably Techajgeable and is implantable and 
is a relatively small battery able to supply approximately 3-4V. This battery may be 
charged by power supplied by the inner controller 32 which is in turn received fiom 
10 the inner receiver 33. When the outer transceiver is not cooperating with the inner 
transceiver 33 or power is not being supplied by the components of die embodiment 
in the outside environment 39* Lhe inner baUery 3 1 returns the stored power to the 
controller 32. This will allow Ore medical device 30 to flinction even when aa external 
power source is disconnected* 
15 The mnsr controller 32 iafigi^ 4 iB sljxm^ to be controlliag and supplying 

power to a medical device 30, which is preferably an implantable blood pump- This 
impl an tab le blood pump 30 maybe connected to a patient's circulatory system m 
either parallel or series configuration depending on the desired fimcii on of the blood 
pump. In this embodiment, blood is received by inlet 29 pumped by the blood pump 
20 30 to the outlet 28. Boththcinlct 29 and outlet 28 may 
patient's circulatory system by stentmg. 

The internal battery 31 or external battery 40 may also send or receive power 
directly to the transceiver depending on the particular configuration of the 
embodiment Alternately, the inner ba^^ 
25 device 30. 
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Preferably, the outer transceiver 36 cooperates with an external controller 35. 
An electrical signal is transmitted and received by the outer transceiver 36 to and from 
the external controller 35. The external controller 35 may be preferably carried by the 
patient and may be mounted external to the patient's body. This external controller 35 
5 may be connected to a personal computer 37 for monitoring and/or adjustment by 
software running on the computer 37. Preferably mis computer may be connected to 
the Internet or any computer network to submit and receive data regarding the 
implantable medical device and patient's status. Preferably a permanent external 
power supply 38 may be connected to the controller 35 which in turn may charge the 
10 external battery 40. When the permanent external power supply 38 is removed from 
the system, the external battery 40 may return power to the externa] controller 35 and 
then to the outer transceiver 36, which transmitting to the medical device 30 by way 
of the internal components. 

Preferably, the external controller 35 includes a DC rectifier which is capable 
15 of converting an electrical signal into © form that can he transmitted by the oirtsr 
transceiver 36 and may lead to transmission to rimer transceiver 33 . 

Preferably the external battery 40 may a single battery or a set of batteries and 
also it is preferred that the battery or batteries be Nickel Metal Hydride battery 
.capable of supplying 1 2V at 3800mA/Hr. This also preferred battery weighs 600gor 
20 less. This external battery 40 may be removed and replaced for purposes of 
additionally recharging or substitution in eases of battery failure. 

Figure 5 shows a preferred method of implanting the device within the skin 
layer 72 of a patient In figure 5, aportionof a patient's skin layer is shown 72 as 
viewed by a surgeon. Preferably, an incision 73 is made through the skin layer 72. 
25 The preferred core of one of the abovedescribed ernbodrrnenLs is inserted into the 
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incision 73. TTie core is positioned so thai approximately half of the core protrudes out 
oftht incision 73 and the other half is within the body of the patient The incision is 
then preferably closed by stitching which fixes the core in place. The incision 73 may 
be of a length appropriate to the fit the approximately same length of core -within it 
5 Figure 6 shows an alternate version of implantation of the preferred 

electrically conductive cone of one of the abovedescribed embodiments. Several 
incisions may be made in the slcin layer 74. These include two parallel vertical 
incisions 75 & 76 and two sets of further incisions 77 & 78 which extend angularly 
away from incisions 75 and 76 towards the centre line. Neither of these acts of 
10 incision met in the middle rather they leave a small gap between them. The result of 
these incisions is to form two flaps of skin 80 joined by a middle piece 79. The core 
may be inserted under 79 in a similar way as that described in figure 5 then the flaps 
80 may be folded under the inner surface of the core and stitched in place around the 
cere. The outcs edges of the incisions 75 and 76 maybe stfeched together. The net 
1 5 result of this configuration is seal the core below the skin layer similar to the manner 
shown in the cross section view of figure 1 . 

The preferred site for implantation for any of the embodiments may he a site 
on the abdomen of a patient 

ft may also be preferable to connect any one of the abovedescribed 
20 embodiment* or various other versions of the present invention to a blood pump 
shown in figure 7. 

The blood pump shown in figure 7 is a ccntrifhgal pump 50 intended for 
implantation into a human body. The pump housing 62 may be fibricated in two 
parts, a front part 61 in the form of a housing body and a back part 59 in the 
25 bousing cover, with a smooth join therebetween, for example at 60 in Figure 7. The 
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pnmp 50 has an axial iuJol 70 and a tangential ontlet The rotating part or impeller 56 
is of simple form, comprising only blades 47 and a blade support 49 to hold those 
blades fixed relative to each other. The blades may be curved or straight, in which 
case they can be either radial or tihed, Lc, at an angle. This rotating part 56 will 
5 hereafter be called the impeller 56, hut it also serves as a bearing component and as 
the rotor of a motor configuration as to be further described below whereby a toque ia 
applied by an electromagnetic means to the impeller 37. Note that the impeller may 
have no shaft and that fluid enters flic region of its axis SL Some of the fluid passes in 
front of the support cone 49 and some behind it, so that the pump 50 can be 
10 considered of two-sided open type, as compared to conventional open centrifugal 
pumps, which are only open on the front side. Approximate dimensions found 
adequate for the pump 50 to perform as a ventricular assist device, when operating at 
speeds 2000 - 4000 rpm, are outer blade diameter of 40 mm, outer housing average 
di&mefcsr 60mm, and housing axial length 40mm. 
15 As the blades 47 move within the housings some of the fluid passes through 

the gqjs, much exaggerated in Figure 7, between the blade edges and the housing 
front fecc 48 and the housing back fece 57. Ia all open ccatrifu#d pumps, the gaps arc 
made small because this leakage flow lowers the pump hydrodynamic efficiency. 1c 
flic pump disclosed in this embodiment, the gaps axe made slightly smaller than is 
20 conventional in order thai the leakage flow can be utilised to create a hydrodynamic 
bearing. For the hydrodynamic forces to be sufficient, the blades may be tapered, so 
that the gap is larger at the leading edge of the blades than at the trailing edge. The 
blood which passes through the gap thus experiences a wedge shaped restriction 
which generates a thrust, as described in Reynolds' Theory of Lubrication. The thrust 
25 is proportional to the square of the blade thickness of the edge, and thus thick blades 
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are favoured, sine© if the proportion of the pomp cavity filled by blades is constant, 
then the net thrust feme will be inversely proportional to ihe number of blades. 
However, the blade edges can be made to extend as tails fern thin blades in order to 
increase the blade area adjacent to the walls. 
5 In one particular form, the tail join adjacent blades so as to form a complete 

shroud with wedges or tapers incorporated therein. An example of a shroud design as 
well as other variations on the blade structure will be described later in this 
specification. 

For manufactiiring simplicity, the housing front face 48 can bo conical, with 
10 an angle of around 45° so that it provides both axial and radial hydrodynamic forces. 
Other angles are suitable that achieve the functional requirements of this pump 
including the requirements for both axial and radial hydrodynamic forces. 

Other curved surfaces are possible provided both axial and radial 
hydrodynamic forces can be produced as a result of notation of the blades idteiive to 
IS the housiag surfaces. 

lathis preferred embodiment, for manufacturing simplicity and for uniformity 
in the flow axial direction RR, Ihe housing back fece 57 is roado flat over the bearing 
suffices, i* under Ihe blade edges. With this the case, a slacker tolerance on the 
ali g nm ent between the axes of the front part 61 and back part 59 of the housing 62 is 
20 permissible. An alternative is to make the back fece 57 conical at the bearing surfaces 
with taper in the opposite direction to the front feco 48, so that die hydrodynamic 
forces from the back face will also have radial components. Tighter tolerance on the 
axes alignment would then be required, and some of the flow would have to undergo a 
reversal in its axial direction* There may be some advantage in making the housing 
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surfaces and blade edges non-straight, with varying tangent angle, although this will 
impose greater manufacturing complexity. 

There are several options for the shape of the Caper, but in the preferred 
embodiment the amount of material removed simply varies linearly or approximately 
5 Imcarly across the blade. For the back nice, the resulting blade edges are then planes 
at a slight inclination to the back face. For the front face, the initial blade edges arc 
curved and the taper only removes a relatively small amount of material so they still 
appear curved. Alternative taper shapes can include a step in the blade edge, though 
the coiner in that step would represent a stagnation line posing a thrombosis risk. 
10 For a given nainimum gap, at the trailing blade edge, the hydrodynamic force 

is maximal if the gap at the leading edge is approximately double that at the bailing 
edge. Thus fixe taper, which equals the leading edge gap minus the trailing edge gap, 
should be chosen to match a nominal minimum gap, once the impeller has shifted 
towards thai edge. Dimensions which have fesen found to gjh/c adequate thrust forces 
15 are a taper of around 0.05 mm for a Hominal ntinigmun gep of around 0.05 mm, and an 
average circumferential blade edge thickness of around 5 mm for 4 blades. For the 
front race, the taper is measured within the plane peroendicular to the axis. The axial 
length of the housing between the front and back faces at any position should then be 
made about nmi greater than the axial length of the blade, when it is coaxial with 
20 the housing, so that the minimum gaps are both about 0.1 mm axially when the 
impeller 56 is centrally positioned within the housing 62. Then, for example, if the 
impeller shifts axially by 0.05 mm, the minimum gaps will be 0.05mm at one fece and 
0.15 mm at the other fece. The thrust increases with decreasing gap and would be 
much larger from the 0.05 mm gap man from the 0.15 mm gap, about 14 times larger 
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&r the above dimensions. Thus there is a net restoring fence away from the smaller 
gap- 

Similarly, for radial shifts of the impeller the radial component of the thrust 
from the smaller gap on the conical housing front fece would offer the required 
5 restoring radial force. The axial component of that force and its torque on the impeller 
would have to be balanced by an axial force and torque from the hou sing back fecc. 
and so the impeller will also have to shift axially and tilt its axis to be no longer 
parallel with the housing axis. Thus as the person moves and the pump is accelerated 
by external forces, the impeller will continually shift its position and alignment, 
10 varying the gaps in such a way that the total force and torque on 'die impeller 56 match 
that demanded by inertia. The gaps are so small, however that the variation in 
hydrodynaxnic efficiency will be small, and the pumping action of the blades will be 
approximately the same as when tbe nxtpelfcr is centrally located. 

While smaller gaps imply greater hydrodynamic efficiency and greater bearing 
IS flmisc forces, smaller gaps also demand tighter manu&eturmg tolerance, increase 
ftietional drag on the impeller, and impose greater shear stress an the fluid. Taking 
these points in tan, for the above 0.05 mm tapers and gaps, tolerances of around 
±0.015 mm are needed which imposes some cost penalty but is achievable. A tighter 
tolerance is difficult, especially if die housing is made of a plastic; given the changes 
20 in dimension caused by temperature and possible absorption of fluid by plastic. The 
frictional drag for the above gaps produces much smaller torque than the typical 
motor torque. Finally, to estimate the shear stress, consider a rotation speed of 3000 
jpm and a typical radius of 15 mm, at which the blade speed is 4.7 ms" 1 and die 
average velocity shear for an average gap of 0.075 mm is 6.2x10V 1 . For blood of 
25 dynamic viscosity 3,5x10^ kgpfV 1 , the average shear stress would be 220 Nnv 3 . 
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Other prototype centrifiigal blood pumps with closed blades have found that slightly 
larger gaps, eg. 0.15 mm, are acceptable for haemolysis. A major advantage of tile 
open blades of the present invention Is that a fluid element that does pass through a 
blade edge £ap will have a very short residence time in that gap, around 2x I O" 3 s. and 
5 the fluid element will moat likely be swept through die pump without passing another 
blade edge. 

To minimise the net force required of the hydrodynamic bearings, the net axial 
and radial hydrodynamic forces on the impeller from the bulk fluid flow should be 
minimised, where "bulk" hero means other than from the bearing thrust surfaces. 
10 One method of minimising the bulk radial hydrodynamic force is to use 

straight radial blades with virtually no radial component The radial force on the 
impeller depends critically on the shape of the output flow collector or volute 35. The 
'shape should be designed to minimise the radial impeller force over the desired range 
of pump spebdte witfeout excessively lowering the pump efficiency. The optimal shape 
15 will have a roughly helical p^rinkalar between the "cut waAer* and outlet. The radial 
feme can also be reduced by the introduction of an internal division in the volute 35 to 
create a second output flow collector passage, with tongue approximately 
diametrically opposite to the tongue of the fist passage. 

In regard to the balk axial hydrodynamic axial force, if the blade cross-section 
20 is made uni&im in the axial direction along the relational axis, apart from the corneal 
front edge, then the pressure acting on the blade surface (excluding the bearing edges) 
will have no axial component This also simplifies the blade manufacture. The blade 
support cone 49 must then be shaped to minimise disturbance to the flow over the 
range of speed, while maintaining sufficient strength to prevent relative blade 
25 movement Tho key design parameter affecting the axial force is the angle of the cone. 
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Ihe cone is drawn in figure 3 as having the same internal diameter as the blades, 
which may aid manufeclure. However, the cone could be made with larger or smaller 
internal diameter to the blades. There may be an advantage in using a non- 
axisymmctric support "cone", eg. with a larger radios on the trailing surface of a 
5 blade than the radius at the leading surfecc of the next blade. If the blades are made 
with non-uniform cross-section to increase hydrodynamic efficiency, men any bulk 
hydrodynamic axial three on mem can be balanced by shaping me support cone to 
produce an opposite bulk hydrodynamic axial force on it 

Carcfid design of lho entire pump, employing computational fluid dynamics, is 
10 necessary to determine the optimal shapes of the blades 47, the vohito 58, the support 
cone 49 and the housing 62, in order to maximise hydrodynamic efficiency while 
keeping the bulk fluid hydrodynamic forces, shear and residence times low. All edges 
and the joins between the blades and the support cone should be smoothed. 

The means of providing the driving torque on the impeller 56 of the prefiared 
15 embodiment of the invention is to encapsulate permanent magnets in the blades 30 of 
the impeller 56 and to drive them with a rotating magnetic field pattern flora 
oscillating currents in the windings S3 and 54, fixed relative to the housing 62. 
Magneto of high xemanence such as sintered rare-earth magnets should be used to 
maximiso motor efficiency. The magnets should be aligned axially or approximately 
20. axially, with alternating polarity for adjacent blades. Thus mere must be an even 
number of blades. Since low blade number is preferred for the bearing force, and 
since two blades would not have sufficient bearing stifmess for rotation about an axis 
through the blades and perpendicular to the pump housing (unless the blades are very 
curved), four blades are recommended. A higher number of blades, for example 6 or 8 
25 blades, may also allow the pump to function. 
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There are many options for locating the magnets within, the blades 47. The 
most preferred is for the blade to be made of magnet material apart from a 
biocompatible shell or coating to prevent fluid corroding magnets and to prevent 
magnet material (which may be toxic) entering the blood stream. The coating* should 
5 be sufficiently durable especially at blade comets to withstand rubbing during stait-up 
or during inadvertent bearing touch down. 

Finally, to create the alternating blade polarity the impeller must be placed in a 
special pulse magn e ti s ation fixture, with an individual coil surrounding each blade. 
The support cone may acquires some magnetism near the blades, with negligible 
10 influence. 

All edges in the pump should be radmsed and sur&ces smoothed to avoid 
possible damage to formed dements of the blood. 

The windings 53 and 54 of the preferred embodiment ar© slotless or air-gap 
windings following the fekdc curmurs, with the same pol© mrnibar as the impeller, 
35 namely four poles in the preferred anbodfan^ni. A ferromagnetic iron yok© 52 of 
conical form for tile fiont winding and an iron ferromagnetic yoke 55 of annular form 
for flic back winding may be placed on the outside of the windings to increase the 
magnetic flux densities and bene© increase motor efficiency; The winding thicknesses 
should be designed for maximum mote efficiency, with the sum of their actual 
20 thicknesses somewhat less than but comparable to die magnet axial length. The yokes 
can be made of solid ferromagnetic material such as iron. To reduce 'iron** losses, the 
yokes 41 can bo laminated, for example by helically windings thtn strip, or can be 
made of iron/powder epoxy composite. Alternatively they can be helically wound to 
reduce iron losses* The yokes should be positioned such that there is zero net axial 
25 magnetic force on the impeller when it is positioned such that there is zero net axial 
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magnetic force on the impeller when h is positioned centrally in the housing. The 
magnetic force is unstable and increases linearly with axial displacement of the 
impeller away fiom the central position, with the gradient being called the positive 
stiffiiess of the magnetic force. This unstable magnetic force mast be countered by the 
5 hydrodynamic bearings, and so the stiffiiess should be made as small as possible- 
Choosing the yoke thickness such that the flux density is at the saturation level 
reduces the stiffiiess and gives minimum mass. An alternative would be to have no 
iron yokes, completely eliminating the unstable axial magnetic force, but the 
efficiency of such designs would be lower and the magnetic flux density in the 
10 immediate vicinity of the pump may violate safety standards and produce some tissue 
heating. In any rase, the stiffiiess is acceptably small for slotless windings with the 
yokes present. Another alternative would be to insert the windings in slots in 
-laminsted iron staler© which would increase motor efficiency and enable use of less 
magneS: materia and potentially lighter impeller blades. However the unstable 
15 magnetic forces would be significant for such slotted motors. Also, the necessity for 
fM blades to generate the required bearing forces allows room for large magnets* and 
so slotless windings are chosen in the preferred embodiment. 

The winding connection of flic preferred embodiment is for three wires, one 
wire per phase, to connect a sensorlcas electronic controller to winding 53. 
20 Alternatively* the windings and yokes may be encapsulated within the housing 

during fabrication. In this way, the separation between the winding and the magnets is 
minimised increasing the motor efficiency and the housing is thick, increasing its 
mechanical stiffiiess. Alternatively, the* windings can be positioned outside the 
housing and the thickness of these windings is preferably at least 2 mm for sufficient 
25 stiffiiess. 
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The combining of the motor and bearing components into the impeller in the 
preferred embodiment provides several key advantages. The rotor consequently has 
very simple fiam, with, the only cost of the bearing being tight manufacturing 
tolerances. The rotor mass is very low, minimising the bearing force needed to 
5 overcome weight. AIbo with the bearings and tho motor in the same region of the 
rotor, the bearings forces are smaller than if they had to provide a torque to support 
magnets at an extremity of the rotor. 

A disadvantage of the combination of functions in the impeller is that its 
design is a coupled problem. The optimisation should ideally link the fluid dynamics. 
1 0 magnetics and bearing thrust calculations, hi reality, the blade thickness can first 
roughly sized to give adequate motor efficiency and sufficient bearing forces with a 
safety margin. Fortuitously, bom requirements are met for four blades of approximate 
average circumferential thickness 5 mm. The housing, blade and support cone shapes 
can then be designed using computational fluid dynamics, mamtaimng the above 
1 S nmtimnm average blade thickness. Finally the motor stator, Le. winding and yoke, can 
be optimised for maximise motor efficiency 

Figure 8 shows a preferred impeller of an embodiment of the pumping device. 
In this enmodimcnt, me impeller 63 of a pump ftatures four Wades 65. PJeasc note 
that any number ofbladcs greater than 2 may be chosen. These blades 65 may have a 
20 distinct shape; In this case of mis preferred embodiment, the distinct shape of each 
blade is generally tear-ahaped. Each blade in this embodiment may be joined together 
wim a bridging portion 66. Preferably this bridgmg portion has a streamlined shaped 
to allow minimal damage to the pumping fluid. 

In figure 9, a further preferred embodiment of an impeller 67 is shown, to this 
25 rmrfcrrcd embodiment each one of the blades 69 is generally shark-fin shaped. Tt is 
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important to note that the blades 69 of the impellers 63 & 67 arc both preferably 
Incorporate a hydrodynamic bearing m the fhrm of a taper across flic onto: surfaces of 
the blades. 

The impeller 67 preferably baa four blades 69 which are joined by bridging 
5 portions 70. The bridging portions are generally streamlined and preferably, In this 
embodiment, do not generally provide a hydrodynamic force. In alternate designs of 
the impellers these bridging portions may be fashioned so as to provide lift or 
hydrodynamic thrust force. 

Another preferred feature of impellers 67 & 63 is a relatively small flat 
10 sections 64 & 68- These sections 64 & 68 may act as a reference point for 
measurements and activities to be use by external testing equipment and/or 
manufacturing equipment 

Another preferred embodiment is depicted in figure 10- This figure shows a 
blood pan^p 77 implanted within the body of a pstficr£ 86. In thfe embodiment; tha 
15 blmd pump 77 is comssctcd to ths heart 85 of Shepaticax* §6 trough an spex of the 
left ventricle 83 by way of an inflow cannula 82. Id use, the pump 77 pumps from the 
heart 85 to the ascending aorta 75. Fluid communication between the ascending aorta 
and an outlet of the pump 77 is achieved by use of an outflow cannula 84* The 
outflow cannula 84 is preferably constructed of valour and covered or protected by a 
20 bend relief preferably made of polypropylene. Hie inflow cannula Is preferably 

constructed of silicone rubber- When implanted the pump 77 is preferably mounted 
under a left lung 76 of the patient 

Preferably, the pump communicates data, and receives pumping speed 
instructions and power ftom a pump controller 79. Preferably the communication of 
25 data and power is achieved by use of a TROTS (not shown in figure 1 0). The 

2ttl1fcua-l-840ttl 
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controlier 79 receives power from a first battery 78 and, in the event of a first battery 
feihire, a second battery 81 is capable of powering the entire system. Additionally, 
power may be supplied directly to the controller 79 from a household mains power 
supply (not shown in figure 10). Preferably, the controller 79 and batteries 78 & 81 
5 may be mounted on a belt 80, which may be worn by the patient 86. It may also be 
preferred that the batteries 78 & 81 and the controller 79 may be balanced on the belt 
to promote comfort for the patient 86. Also, the bell 80 may also include the controller 
79 and batteries 78 & 8 1 as a sii^gle unit (not shown in figure 10). 

In another preferred embodiment of the present invention, as shown in figure 
10 1 1 , a conductive ring 89 is implanted within a patient's skin layer 88. Wrapped 

around at least a portion of the implanted ring 89 is a electrically conductive coil 90. 
Preferably a hole 87 is made in skin layer so that it passes under the outer most edge 
of the ring 89. This hole 87 allows for Ihs attachment of a piece of wire (not shown). 
This wins, in use, passes through the hole 37 snd allows &r communication ofadala 
15 signal and/or power to md item coil 90- When an electrical sig&al is passed through 
the wire, the signal generates an EMF in ring 89 and this KMF passes to coil 90 and 
generates a complementary signal in the wire of coil 90. 

Preferably, the placement of the ring 89 may be a staged procedure which may 
place the ring 89 and then, after the insertion wound has healed and the ring is 
20 mechanically stable, a tunnel or hole 87 may be formed for an external power wire 
which preferably does not actually make contact with the ring 89. The hole 87 may be 
formed by punching out a circular tunnel using a customised tool or circular cutter. 
The hole 87 may be relatively small. 

Another embodiment of a procedure of implantation may involve a procedure 
25 as illustrated by figures 12 and 13. Figure 12 shows a relatively flat flap of skin 92 
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protruding ftomthe surface of the patient's ordinary sldn layer 93. Inside the flap 92 
is embedded a conductive ring 94 and passing through the approximate center of the 
flap 92 is a hole 127. A wire 91 is preferably passed through hole 127. Preferably, a 
coil (not shown in figure 12 or 13) is attached around the ring 94. This coil in 
5 implanted within the body of the patient In use, the coil and the wire 91 communicate 
to transmit and receive data signals, instructions and/or power. 

Such an implantation procedure may involve pinching up a fl^> of skin which 
25 dissected from the inside to form a pocket which may enclose the ring. 
Alternatively, it may involve taking advantage of an existing anatomical flap (such as 
10 an earlobc of a patient) which is similarly dissected from the inside. 

Preferably, this pinching may also have flic "benefit of making the hole or 
tunnel comparatively short so that rc-cpithelialisation of the tunnel would be 
fecflilatedl 

In a further embodiment of ths present indention, a staged implantation may 
1 5 fea preferable. It may bs dssiF&bl© to power the system without mechanically 

interfering with the tunnel or hole site Q f the primary external wire? so as not to cause 
mechanical trauma to the area of implantation. Thus a means of temporarily powering 
the system is desirable. This may be achieved by the use of a temporary wit© placed 
through the ring in a location deeper relative to the skin layer proximal to the 
20 implantation site. This maybe achieved with the temporary wire bring temporarily 
implanted with the use of a surgical needle. 

In further embodiments as depicted in figure 1 4, the shape of the ring 96 does 
not have to b e circular but rather forms an BMF flux loop. It may b c dc enable to 
include with the system or device a bent ring 96 with unequal dimensions. This may 
25 provide an anchor means in the tissue or skin layer 99 of the patient. The pedestal 
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arrangemcnl may also be used for mechanical stability, In figure 14, the bent ring is 
implanted below the skin layer 99. This implantation forms a protuberance 97 . A 
small hole or tunnel may be made through the protuberance 97 ata point proximal to 
point 101 and an external wire 98 may be passed through the hole. 
5 A further bent ring arrangement of another embodiment is depicted in figure 

15. In this configuration, a ring 102 has been deformed into a general b-shaped 
configuration. An internal coil 103 is wound around a portion of the ring 102. The 
upper end 106 of the ring 102* when implanted, may produce a protuberance 105. 
This protuberance 105 may be pierced with a bole and an external wire may be passed 
1 0 through this hole. The wire may then communicate electric signals to and from coil 
103. 

It may also be preferable to include a textured surface to attach to the 
conductive ling device In a further embodiment depicted in figure 1 6, a subcutaneous 
Sestoed surface 112 may ha used to anchor or maintain the conductive ring 109 in the 
IS correct shape and orientation. An implanted coil 310 is wound around the ring 109. 
The ring extends in a protuberance 108 in the skin layer 111. Agsp 128 is made in the 
protuberance 108 and an external wire 107 is passed through the gpp 128. This wire 
1 07 may communicate with coil 1 1 0 by transmitting and receiving electric signals 
along the ting 109. 

20 A further embodiment of the present invention is depicted in figure 17. If the 

hole or tunnel 118 through the conductive ring 1 1 5 is relatively small, it is expected 
that a full epithetieal covering may occur. A non metallic "sleeper" ring 1 16. similar 
to a earring, may help maintain (he tunnel and stop abrasive wear from the external 
wire 11 7. In this figure, the ring 115 is depicted beneath the flkm layer 114 and 

25 wrapped around the ring 115 is a coil 113. 
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Tn circumstances where damage or infection to the skin are likely, a backup 
ring can be implanted distant from the primacy ring or alternatively, a temporary 
primary wire may be subculaneously tunnelled through a deeper part of the ring using 
a need] e. In order to have the lowest profile protuberance, a second ring may be 
5 placed through the primary wire and through this second ring. 

Tn a further embodiment depicted in figure 18, a U-shaped tunnel 120 is 
implanted the $kin layer of a patient 1 19 and also througha fully implanted ring 124. 
An implanted coil 1 23 is wrapped around flic ring 124. A wire 122 may be passed 
through the U-shaped tonne] 120. Preferably, the wire 122 may be textured (to 
10 promote tissue incorporation) and thin, this may provide a stable biological interfcee 
which may he less subject to infection than a standard percutaneous lead. 

In the case ofmfcction or initial temporary power, a second skin entry 1 26 for 
an additional primary wire may be ©tested to allow this second primary wire to 
communicate -m&x she ring 124 and the coil 123. 
15 The abov© description only describes som© of the embodiments of the present 

inventions and modification, obvious to those skilled in the art can be made thereto 
with out departing from the scope and spin t of the present invention. 
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Claims 

1 . A device for transmission of an electro-magnetic signal to an active implanted 
medical device across a skin layer of a patient; said device including; a core 
positioned so as to cooperate with a first electrically conductive clement and a 
5 second electrically conductive element so as to permit the transmission of an 

electro-magnetic signal by transcutaneous electro-magnetic coupling between 
said first element said core and said second element, and wherein said fust 
electrically conductive element, when in use, is positioned externally to said 
patient; and said second electrically conductive clement* when in use, is 
1 0 positioned internally within said patient 

2, The device of claim 1 wherein said first element can transmit or receive an 
electro-magnetic signal, 

3. The device of clasps 1 or 2 wherein said second clement, cm transmit or 
reserve an clectm-magnjetic signal. 

IS 4, Thedevfe@ofanyon€oflb6claimglto3 wherein saM electric signal 
including data information and/or power. 

5, The device of any one of the claims 1 to 4 wherein said core including a 
plurality of portions. 

6, The device ofany one of the claims 1 to5 wherein said transmission is from 
20 direct current to direct current 

7. The device ofany one of the claims 1 to 6 wherein said first element 
comprises at least a length of wire. 

8. The device of any one of the claims I to 7 wherein said second element 
comprises at least a length of wire. 
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9, The device of claims 7or8 wherein said wire forms a coil around at least one 
portion. 

10. The device of claim 9 wherein said wire includes polymethane coated copper 
lifts wire. 

5 11. Thcdc^ceofaaycoieofthcclaiiTOl to 10 wherein said first element in a 
generally ring shaped configuration, 

12. The device of any one of the claims 1 to 1 1 wherein said second clement is 
coiled around the core. 

13. The device of any one of the claims 1 to 12 wherein said at least one portion of 
10 said core pierces flic alrin layer of patient 

14. The device of any one of flic claims 1 to 12 wherein no portion of said core 
pierces the akin layer of pattens * 

15. The dwice of any on© of the claims 1 to 14 wherein said cots forms a 
generally continuous loop. 

15 16. The device of any one of the claims 1 to 1 5 wherein said com forms a 
continuous shape generally in rectangular or square configuration. 

17. The device of any one of the claims 1 to 16 wherein said core generates a 
relatively small amount of amount magnetic flux leakage. 

18. The device of any one of the claims I to 17 wherein said device has a 
20 transmission efficiency m the range of 70% to 90%. 

19. Thedevdceofanyoneofuioclanns 1 to 18 said device is connected to at least 
one controller and/or rectifier. 
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20. The device of any one of the claims 1 to 1 9wheroin a portion of the device 
external to the patient's body is encased in a socket arrangement 

21. The device of any one of the claims 1 to 20 wherein said device cooperates 
with a blood pump. 

5 22. The device of claim 21 wherein said blood pump is a centrifugal type pump- 
23. The device of claims 21 or 22 wherein said pump includes an impeller 
24- The device of claims 21, 22 or 23 wherein said impeller is hydfodynamically 



25. The device of any one of thecfaims 1 to 24 wherein the first element is 

1 0 positioned and secured in place by position magnets which cooperate with 

opposed positioning magneto implanted within the patient's skin layer- 

26. The device of any one of the claims 1 to 25 whareija the first element is 
Secured in pfece by at least one dip, 

27. The device of any one of theciaims 1 to 26 wherein said device U adapted for 
1 5 relatively long term use. 

28. The device of any one of the claims I to 27 wherein said long term use is of a 
period greater than t week. 

29. The device of any one of the claims I to 28 wherein said device is implanted 
m skin layer near, adjacent t about or proximal to a site on the abdomen of a 

20 patient 

30. A system for transmission of an electro-magnetic signal to an active implanted 
medical device across a skin layer of a patient; said device including: a core 
positioned so as to cooperate with a first electrically 1 conductive element and a 
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second electrically conductive element so as to permit the transmission of an 
electro-magnetic signal by transcutaneous electro-magnetic coupling between 
said first element, said core and said second element and wherein said first 
electrically conductive element, when in use, is positioned externally to said 
5 patient; and said second electrically conductive clement, when in use, is 

positioned internally within said patient. 

3 1 . The system of claim 30 wherein said first element can transmit or receive an 
electro-magnetic signal. 

32. The system of any one of the claims 30 or 31 wherein said second clement can 
10 transmit or receive an electro-magnetic signal. 

33. The system of any one of the claims 30 to 32 wherein said electro-magnetic 
signal including data information and/or power. 

34- The system of say on© of the claims 30 to 33 wherein said core including a 
plurality of portions. 

15 35. Hie system of any one of the claims 30 to 34 wherein said transmission is 
from direct current to direct current 

36. The system of any one of the claims 30 to 35 wherein said first element 
comprises at least a length of wire. 

37- The system of any one of die claims 30 to 36 wherein said second dement 
20 comprises at least a length of wfre* 

38. The system of any one of the claims 30 to 37 wherein said wire forms a coil 
around at least one portion. 
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39, 
40- 
5 41- 
42. 
43. 

10 

44. 
45. 
15 46. 
47- 
48. 

20 

49. 



The system of any one of the claims 30 to 38 wherein said wire includes 
polynrethane coated copper litz wire. 

The system of any one of the claims 30 to 39 wherein said fhsl element m a 
generally ring shaped configuration. 

The system of any one of the claims 3 0 to 40 wherein said second element is 
coiled around the core. 

The system of any one of the claims 30 to 41 wherein said at least one portion 
of said core pierces the skin layer of patient. 

The system of anyone of the claims 30 to 42 wherein no portion of said core 
pierces the skin layer of patient 

The system of any one of the claims 30 to 43 wherein said core forms a 
generally continuous loop. 

The system of any otm of the claims 30 to 44 wherein said core forms a 
continuous shape generally in rectangular or square configuration. 

The system of any one of the claims 30 to 45 wherein said core generates a 
relatively small amount of amount magnetic flux leakage 

The system of any one of the claims 30 to 46 wherein the transmission 
efficiency of the device is in the range of 70% to 90%. 

The system of any one of the claims 30 to 47 wherein, said device is 
connected to at least one controller-and/or rectifier. 

The system of any one of the claims 30 to 4$ wherein a portion of the device 
external to the patient's body is encased in a socket arrangement. 



2ad0»It- 1-8-2003 



COMB tD No: SMBI-00362682 Received by IP Australia: Time. (H:m) 23:43 Date <Y-M-d) 2003-08-01 




l.Aiff. 2003 23:3+ 



Wallinston - Dimmer 



No. 6074 P. 46 



-42- 



50. 

51. 
52. 
5 53. 

54. 

10 55. 

56. 

15 

58. 
59. 

20 



The system of any one of the claims 30 to 50 wherein said device cooperates 
with a blood pump. 

The system of claim 50 wherein said blood pump is a centrifugal type pump. 

The device of claims 50 or 51 wherein said pump includes an impeller 

The device of claims 50 9 51 or 52 wherein said impeller is hydrodynamfcally 
suspended. 

The system of any one of the claims 30 to 53 wherein the first element is 
positioned and secured in place by position magnets which cooperate with 
opposed positioning magnets implanted within the patient's skin layer. 

The system of any one of the claims 30 to 54 wherein the first element is 
secured in place by at least one clip. 

Hie system of any one of the claims 30 to 55 wherein said device is adapted 
for reiatrvety long term use. 

The system of claim 56 wherein said long term use is of a period greater than 
1 week. 

The system of claims 56 or 57 wherein said devico is implanted in skin layer 
near, adjacent, about or proximal to a site on the abdomen of a paticnL 

A method for transmission of an electro-magnetic signal to an active 
implanted medical device across the skin layer of a patient including: a core 
positioned so as to cooperate with a first electrically conductive element and a 
second electrically conductive element to fecili tate the transmission of an 
electro-magnetic signal by elcctro-rasguettc coupling, when in use, and 
wherein said first electrically conductive element, when in use, is positioned 
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extonaJly to said patient; and second electrically conductive element, when in 
use> is positioned internally to said patient 

60. The method of claim 59 wherein said first element can Ci^nsmjt or receive an 
electric signal. 

5 61. The method of any one of the claims 59 or 60 wherein saidsecond element 
can transmit or receive an electric signal. 

62. The method of any oneof the claims 59 to 61 wherein said electric signal 
including data information and/or power. 

63. The method of any one of the claims 59 to 62 wherein said core including a 
10 plurality of portions, 

64. The method of any one of the claims 59 to 63 wherein said transmission is 
ixom direct current to direct current 

65. The metticd of any one of the claims 59 to 64 whsnshr said first clemeatt 
comprises at least & length of wire. 

L5 66. The method ofany one of the claims 59 to 65 wherein said second clement 



67. The method of any one of the claims 59 to 66 wherein said wire forms a coil 
around at least one portion. 

68. The method of any one of the claims 59 to 67 wherein said wire includes 
polyurefliane coated copper litz wire 

69. The method of any one of the claims 59 to 68 wherein said first element in a 
generally ring shaped configuration. 
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70- 
71. 
5 72. 
73. 
74. 

10 

75. 
76. 
15 77. 
78. 
79. 

20 

80. 
81. 



The method of any one of the claims 59 to 69 wherein said second element is 
Coiled around Lhe core 

The method of any one of the claim? 59 to 70 wherein said at least one portion 
of said core pierces the skin layer of patient 

Hie method of any one of die claims 59 to 7 1 wherein no portion of said core 
pierces the akin layer of patient 

The method of any one of the claims 59 to 72 wherein said core forms a 
generally continuous loop. 

The method of any one of the claims 59 to 73 wherein said core forms a 
continuous shape generally in rectangular or square configuration. 

The method of any on e of lhe claims 59 to 74 wherein said core generates a 
relatively small smoent of amount magnetic flux leakage* 

The method of any one of the claims 59 to 75 whsrein the transmission 
efficiency of the device is in the tangs of 70% to 90%. 

The method of any one of the claims 59 to 76 wherein, said device is 
connected to at least one controller and/or rectifier. 

The method of any one of the claims 59 to 77 wherein a portion of the device 
external to the patient's body is encased in a socket arrangement 

The method of any one of (he claims 59 to 78 wherein said device cooperates 
with a blood pump. 

The method of claim 79 wherein said blood pump is a centrifugal type pump. 
The method of claims 79 or 80 wherein said pump includes an impeller 
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82. The method of claims 79, 80 or 81 wherein said impeller is hydrodynamically 



83. The method of any one of the claims 59 to 82 wherein the first element is 
positioned and seemed in place by position magnets which cooperate with 

5 opposed positioning magnets implanted within the patienfs skin layer. 

84. The method of any one of the claims 59 lo 83 wherein the first element is 
secured in place by at least one clip. 

85. The method of any one of the claims 59 to 84 wherein said device is adapted 
for relatively long term use. 

10 86. The method of any one of the claims 59 to 85 wherein said long term use is of 
a period greater than 1 week. 

87. The method of any one of the claims 59 to 86 wherein said device is implanted 
in skin layer near, aegjacent, about or proximal to a site om the abdomen of© 
patient 

15 88. The device of any one of claims 1 to 29 wherein said core forms a flux I oop 
and said core is formed of at least one magnetic portion. 

89. The device of any one of claims 1 to 88 wherein said skin layer is a closed 
skin layer* 

90. The method of any one of claims 59 to 87 wherein said core forms a flux loop 
20 and said core is formed of at least one magnetic portion. 

91. The method of any one of claims 59 to 87 wherein said skin layer is a closed 
skin layer. 
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92. A method far implanting a device; wherein said device Is capable transmission 
of an electro-magnetic signal to an active implanted medical device across the 
skin layer of a patient and comprises a core positioned bo as to cooperate with 
a first electrically conductive clement and a second electrically conductive 
5 element to facilitate the transmission of an electnMnagnetic signal by electro- 

magnetic coupling, when in use, and wherein said first electrically conductive 
element^ when in use, is positioned externally to said patient; and second 
electrically conductive element when in use, is positioned internally to said 
patient; and wherein said method includes: 

10 i) making a incision ina skin layer ofapatient; 

iQ inserting said core partially info said incision; and 
in) closing said incision; 

93. The method of claim 92 wherem said incision is closed by stitching. 

94. A method for implanting a device; wherein s@id device is capable of 

15 tznansmission of an electro-Ynagnehc signal to sm active implanted m^fical 

device across a skin layer of a patient and comprises a core positioned so as to 
cooperate with a first electrically conductive element and a second electrically 
conductive clement to feeffitate the transmission of an electro-magnetic signal 
by dcctro-magoctic coupling, when in use, and wherein said first electrically 
20 conductive clement, when muse is positioned externally to said patient; and 

said second electrically conductive dement, when in use, is positioned 
internally to said patient; and wherein said method includes : 

i) making a scries of incisions in a skin layer of said patient; 
iO inserting said core partiaUy into said incision 
25 iii) covering and sealing said core with a skin layer; and 
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hr) closing and sealing said incision- 
95* The method of claim 94 wherein closing and scaling is achieved by stitching. 

96. A device for transmission, of an electro-magnetic signal to an active implanted 
medical device across a skin layer of a patient including; a core positioned so 

5 as to cooperate with a first electrically conductive element and a second 

electrically conductive dement to fecilitaie the transmission of an electro- 
magnetic signal By transcutaneous electo-magnetic coupling, in use, and 
wherein said first electrically conductive element, when in use, is positioned 
externally to said patient; and second electrically conductive dement, when in 
10 use, is positioned internally to said patient and wherein said device includes a 

series of interlocking rings. 

97. A device as described with reference to anyone of figures 1 to 18. 

98. The system of claims 56 or 57 wherein said device is implanted in skin layer 
near* e^acent, about or proximal to a site on the earlcbs of a ps&kirt. 

IS 99. The method of any one of the claims 59 to 86 wherein said device is implanted 
in skin layer near, adjacent, about or proximal to a site on the carlobe of a 
patient 
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